Introduction. Although airborne fungal diversity in tropical countries is known to be considerable, aerobiological research to-date has identified only a part of the fungal mycobiota that may have an impact both on human health and on crops. Previous studies in Havana city identified only 30 genera and 5 spore types; therefore,new research is required in these latitudes. This study sought to investigate airborne spore levels in Havana, with a view to learning more about local fungal diversity and assessing its influence in quantitative terms. Materials and method. A Hirst type volumetric sampler was located on the rooftop of a building 35 meters above ground level, in a busy area of the city. Sampling was carried out continuously (operating 24hours/day), at 10 L per minute during the year 2015. The fungal spores were collected on a Melinex tape coated with a 2% silicone solution. The results were expressed as spores per cubic meter (spores/m
INTRODUCTION
Aerobiological research seeks, among other things, to identify and quantify airborne fungal spores; its findings have a number of applications, for example, in preventing respiratory pathologies triggered by these bioparticles, in enhancing crop output and in conserving the cultural heritage [1] [2] [3] [4] . Fungi have been identified as a major contributor to atmospheric bioaerosol levels in non-tropical countries, where they are known to increase the respiratory health risk for people reactive to fungal allergens. Spores may be released from a wide range of organic and non-organic substrates; small spore diameters favour propagation, environmental dispersion, and high airborne concentrations [5] .
Sensitization to outdoor allergens has been reported in tropical environments such as Puerto Rico and Saudi Arabia [6, 7] , where basidiospores are the predominant fungal particles in the atmosphere. Some epidemiological studies evidence a high rhinitis-asthma prevalence (55.3%) among school children [8] . However, although numerous studies have described the tropical flora, information about the allergenic properties of pollens and moulds is scarce. Furthermore, its contribution to allergic respiratory diseases has not been extensively studied as has occurred with mitosporic fungi [9, 10] .
Viable and non-viable sampling methods have been used to investigate airborne spore diversity in a number of areas [11, 12] . The present study used a non-viable sampling method based on Hirst-type spore traps. The chief advantages of this approach, which provides information on total airborne spore concentrations regardless of their viability, are that it is easy to implement and that it enables seasonal, daily and hourly data to be rapidly obtained.
In contrast, viable-spore volumetric collection methods are much more laborious, since identification requires the preparation of appropriate culture media for sporulation, followed by the isolation, incubation and development of different colonies. In addition, the spore visual identification allows us to establish annual calendars of moulds transported by the air, as well as to know their dynamics at different time scales. This fact was extremely important for improving the quality of life of people suffering from these pathologies. Moreover, this information also helps us to avoid damages to urban crops as higher concentration of airborne spores are related to the peak of the fungal infection. This knowledge allow us to enhance the decisions of the phytosanitary treatments application [13] [14] [15] , with the optimization of the crops harvest, such as rice, so important for the Cubans diet [16] .
Finally, objects forming part of the cultural heritage may provide an excellent substrate for fungal colonization, leading to the biodeterioration of various kinds of material and the release of airborne biological particles which may be hazardous to visitors and users of enclosed spaces [17] . Research has shown that this is particularly significant in indoor environments such as museums [18, 19] .
A number of studies have highlighted the considerable fungal diversity and high airborne concentrations found in tropical countries [20, 21] . Earlier research in Havana, Cuba, identified around 30 genera; the number varied slightly depending on whether viable or non-viable sampling methods were used [11, 22] . Cladosporium, Aspergillus and Penicillium were the predominant genera. Relative humidity is regarded as the weather-related variable most influencing airborne spore concentrations. To-date, there has been little research undertaken using volumetric methods, even though these would help to provide data for a large number of sampling years, thus contributing to a fuller characterization of Cuba's airborne fungal biota. An extensive database is essential for the construction of models to predict airborne spore concentrations. Moreover, the local airborne mycobiota in any given area is influenced by a range of factors which might directly affect the source of the inoculum, either through human activity or through the effects of climate change [23] .
OBJECTIVE
The aim of this study was to provide new findings about the fungal spores content of the bioaerosol in Havana, in order to increase knowledge of the fungal diversity in this area, and to ascertain its incidence from a quantitative point of view. The presented study therefore examined the impact of weatherrelated variables on spore diversity and concentrations both over the study year and over previous periods.
MATERIALS AND METHOD
Study area. The study was carried out in Havana (Fig. 1 ) located on the northern coast of the island of Cuba, at an altitude of 24 m above sea level. It is the largest city in Cuba and has a population of more than 2 million inhabitants (approx. 20% of the population in Cuba). Near the location of the volumetric sampler there is no dense vegetation, although there are numerous gardens with a wide variety of trees, shrubs, and ornamental plants that are part of the city's layout [24, 25] . The climate of Cuba is subtropical, characterized by the alternation of two weather seasons throughout the year based on accumulative rainfall: a dry (November -April) and a rainy season (May -October). Havana's climate exhibits mid-continental characteristics: somewhat cold winters and warm, humid summers. In addition, most of the precipitation occurs during the warmer months, and there are rather large variations in yearly temperature and precipitation.
Sampling and microscopic examination methodology.
Light microscopy was used to analyze samples collected using a Lanzoni VPPS 2000 Hirst-type volumetric sampler (Lanzoni s.r.l., Bologna, Italy) [26] , located on the roof of the Biology Faculty building of the University of Havana, 35 m above ground level (23º 08'N; 82º 23'W). Sampling was carried out continuously (operating 24hours/day), at 10 L per minute, from 1 January -31 December 2015.
Inside the sampler, the fungal spores were collected on a Melinex tape coated with a 2% silicone solution. The fungal spore quantification was carried out following the methodology of the Spanish Aerobiology Network [27] . The results were expressed as spores per cubic meter of air (spores/m 3 ) when referring to daily values, and spores considered as the total spore value. This methodological proposal is subject to quality controls for its data contributors [28, 29] . The spore types collected were described by means of the morphotypes, as defined by Saccardo [30] , as well as its morphobiometrical characteristics. The spore identification was conducted only at genera level. For this purpose, classic reference handbooks in taxonomy and aerobiology [31] [32] [33] [34] [35] [36] [37] as well as specialized papers [38] [39] [40] [41] [42] were consulted. Morphological identification was performed by means an optical Nikon Optiphot II microscope (Nikon Manufacturing, Tokyo, Japan). The magnification used was 400X for counting and in some cases 1000X to achieve better fungal spore recognition. The spore photographs, included in this study, were obtained with a Nikon camera (Coolpix MDC lens) assembled to the microscope, using a dry 60x lens.
Statistical analysis. Spore abundance and frequency were taken as relative values, derived from percentages, with a view to obtaining a ranked classification of species using the Olmstead-Tukey test (Tab. 1). Relative density (RD) was calculated using spore count data (each new record and totals) by means of the following equation: RD = (amount of a given spore/amount of total spores identified)*100. Relative Frequency was calculated as follows: RF = (number of days on which a determined spore was detected / total sampling days)*100.
To determine the influence of weather-related variables on airborne spore counts, Spearman's test was used since data distribution was non-normal. The Statistica v. 6.0 software package for Windows [43] was used for this purpose. Correlations were examined over the study year 
RESULTS

Qualitative analysis.
In the course of 2015, a total of 27 fungal spore types were identified using the standard methodology recommended by the Spanish Aerobiology Network; 14 of these had not previously been recorded locally (Tab 2; Fig. 2 ). Six were Ascomycetes (Chaetosphaerella, Diaporthe, Didymosphaeria, Leptosphaerulina, Massarina and Mauritiana) and eight conidial genera (Acrodictys, Arthrinium, Ceratosporium, Corynespora Helminthosporium, Lasiodiplodia, Polythrincium and Zygophiala). Among the ascospores, three fragmospores, two didymospores and one dictyospore were identified. Didymospore conidia predominated among the eight genera evaluated.
Quantitative analysis. The total spore count was 200,451 (Tab. 3). Cladosporium was the most abundant (117,770 spores), followed by Leptosphaeria (26,336 spores), Coprinus (18, 398) and Aspergillus/Penicillium (12, 746) . Attention is drawn to the contribution of Xylariaceae ascospores and Curvularia A total of 1,033 spores belonged to newly-identified genera, with a relative density of 0.52% and a relative frequency of 56.4% were recorded (Tab. 4). Ranked classification of the airborne fungi identified suggested that spores belonging to these genera detected were rare. Relative frequency and relative density values were lower than the mean for each of these ecological estimators: RF=0. Correlations between spore counts and weather-related variables were weak throughout 2015, for both traditionallyrecorded and newly-detected spores (Tab. 
DISCUSSION
The spores of fourteen new fungal genera recorded in the air of Havana were described. Many of these fungi display allergenic potential, and may pose a risk for human health as well as causing damage to crops [44] . Chaetosphaerella is characterized by three septum, smooth, fusiform, with brown median cells and hyaline end cells. Massarina are fusiform to cylindrical ascospores, hyaline, 1-to 3-septate, with or without a mucilaginous sheath. Mauritiana spores are fusoid with rounded ends, dark brown with paler apical cells, multi-septate, distoseptate and slightly constricted in the primary septum. Finally, two didymospores were found: Didymosphaeria has an ellipsoid shape, brown and 1-distoseptate, whereas the Diaporthe genus is bicellular, elliptic-fusoid to cylindric, slightly constricted at the septum, and sometimes irregularly shaped and containing oil drops. Leptosphaerulina is related to dictyospores, which may be hyaline or pigmented, and broadly clavate; the upper hemisphere usually displays one transverse septum and a somewhat narrowly-rounded end; the lower hemisphere usually has two transverse septa and broadly-rounded ends, a slightly constricted primary septum, and in most cases, one vertical septum in each smooth central cell.
Spores identified as Lasiodiplodia were brown to dark brown, subovoid to ellipsoidal, thick-walled, with granular content, a widely-rounded apex, and melanin deposits on the interior surface of the wall, longitudinally arranged to give a striated appearance. Polythrincium had large obovate uniseptate spores that appeared to taper slightly in an upward direction. Zygophiala displayed a single conidium, fusiform to ellipsoidal or obclavate, hyaline, smooth and thick-walled, with a single tranverse septum, 12-19 × 4-6 μm, strongly constricted at septum, apex subobtuse, base subtruncate, with a dark, thickened hilum, 1-2 μm wide.
Helminthosporium and Corynespora spores were thicker and longer. Ceratosporium estaurospores, amerospores of Arthrinium and dictyospores of Acrodictys were found with a lesser frequently. The Ceratosporium conidia are smooth and characterized by arms that arise from a two-celled basal body of the conidium. These arms are variable in length and septa, or sometimes very narrow. Spores identified as Arthrinium were aseptate, brown to dark brown, smooth to verruculose, of various sizes and shapes (globose, ellipsoidal, lenticular, angular, kidney-shaped, lobed or dentate in surface view), mainly flattened, with equatorial slit of lighter pigment. Acrodictys was characterized by broadly ellipsoid to oblong muriform conidia, usually with three transverse and several longitudinal septa, slightly constricted at the septa, pale brown, thin-walled, smooth; protruding basal cell, cylindrical, subhyaline to pale brown, truncate.
Cladosporium was the predominant genus, followed by Leptosphaeria, Coprinus and Aspergillus/Penicillium. Most of these fungi are saprophytes of dead organic material or plant pathogens parasites. For this reason, most outdoor airborne fungal spores originate from farms, forest stands and decomposing plant matter [45] . The marked incidence of these fungi and their impact on human health has been studied in different parts of the world [46] [47] [48] [49] . Moulds are common aeroallergens, and Cladosporium is considered to be among the most prevalent [50] . In Santiago de Chile, for example, Cladosporium concentration attained 70.9% of the total spore count [51] .
Previous studies have reported the detection of Phoma and Pithomyces, anamorphs of Didymosphaeria and Leptosphaerulina, respectively [11] .
Corynespora and Helminthosporium genera were observed in the air of Santa Clara in the central area of Cuba, by the exposure of impregnated slides in glycerin plus phenol at 2% [52] , although this study only provides qualitative information. Recently, airborne Lasiodiplodia spores were also detected in Havana using viable sampling techniques [53] . As shown in the database compiled by Camino et al. [54] , in Cuba there have been detected several species of the genera Diaporthe (4 sp.), Didymosphaeria (3 sp.), Leptosphaerulina (2 sp.), Massarina (1sp.), Acrodictys (14 sp.), Arthrinium (6 sp.), Ceratosporium (2 sp.), Corynespora (12 sp.), Helminthosporium (12 sp) and Lasiodiplodia (1 sp.) in different environments. However, its spores had never hitherto been detected in the air, nor was it clear until now that it could occur in the general urban mycobiota.
Arthrinium, Helminthosporium and Corynespora commonly appear as saprobes on grasses, leaves, stems and roots in a range of different plant substrates [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] . Didymosphaeria is a widely-distributed genus with terrestrial, saprobic or parasitic habitat [41] . Massarina present a terrestrial, saprobic habitat, as well as the Leptosphaerulina genera, which additionally could be observed on monocotyledons or dicotyledons plants. Zygophiala was previously reported in the Caribbean region as the cause of banana leaf speckle in Jamaica [55] and of flyspeck on apples from China [56] . Polythrincium has been identified in European aerobiological research carried out in Leiden, Netherlands [47] and Szczecin, Poland [50] . Chaetosphaerella has been reported by Grant [19] in the air of the United States, along with a spore characterized as Boerlagella, which shares many similarities with the spore detected here, but is not currently an accepted taxon. Mauritiana is now accepted, and was first described as a new genus by Poonyth et al. [57] , and is regarded as a terrestrial saprobic fungus able to grow in the tropics [41] .
Although the airborne concentrations of recentlydocumented fungi (1,033 spores) were not high, it is important to confirm their presence in Havana. Some of these new genera are recognized allergens, such as Arthrinium, Corynespora, Helminthosporium and Polythrincium [58] . Although neither Leptosphaerulina nor Corynespora are officially reported as main allergens, studies conducted by Green et al. [59] demonstrated the presence of allergens in Leptosphaerulina. In addition, these ascospores have been reported with variable frequency in the atmosphere of different geographical areas, e.g. in Melbourne, Australia (0.03% of the total spore content) [60] , Madrid, Spain (0.02-0.8%) [61] , Crete and Greece, [62] . By contrast, sensitization to Corynespora has been reported among atopic and nonallergic subjects [63] . Although Corynespora is a common and widely-distributed pathogen, its spores are less often reported than those of other genera in aerobiological studies. The presence of their spores have been mainly detected in tropical countries, such as in West Bengal (0.45%) [64] , Kolkata, India (0.25%) [65] and Karachi, Pakistan (<1%) [48] .
Massarina is not an allergenic fungus, and few reports document airborne spores in other tropical countries. The fungus has been reported at low densities in the outdoor air of Karachi, Pakistan [48] . By contrast, hypersensitivity to Helminthosporium antigens has been demonstrated by Simon-Nobbe et al. [66] . Airborne spores have been reported in Spain, where they accounted for less than 0.01% of total spores [67] .
Recently, Martínez et al. [68] detected an airborne fungal group comprising mainly hyaline to pigmented distoseptate phragmoconidia in Montevideo City, Uruguay. This group included the four above-mentioned genera in addition to Exosporium and Sporidesmium. However, previous studies in Havana reported the presence of Bipolaris and Sporidesmium, but with distinguishable spore features than those described in previous studies [69] . In other tropical areas, as well as India and North-central Nigeria, they are commonly reported, but under low frequency and density levels [64, 70, 49] . These spores have also been reported in Chile [51] , Spain [71, 67] , Italy [72] and Greece [73] , where they account for less than 1% of total airborne spores.
Some of these recently-documented fungi (Diaporthe, Corynespora, Helminthosporium and Lasiodiplodia) were also identified as important phytopathogens in Cuba [74] . These fungi can damage a number of crops playing a major role in urban agriculture in outlying areas of the city, such as Citrus spp, and Manguifera indica [75] . Many Helminthosporium species are common parasites of the Poaceae family. Urban agriculture differs from the conventional because it presents fewer cultivated areas, is located on the periphery of cities, and has a greater diversity of crops or people involved in its development [76] .
High spore concentrations were observed in both the dry and the rainy seasons. Cladosporium, Aspergillus/Penicillium, Curvularia, Nigrospora and Periconia registered peak concentration during the rainy and warmest months of the year (May-September). A similar trend was reported by others authors [58, 77] . In addition, the main peaks of basidiospores (Coprinus and Ganoderma) were recorded during the rainy season (May-October), as Almaguer et al. [11] detected in this same area of study. In Puerto Rico, sensitization rates to Ganoderma applanatum and Pleurotus ostreatus spore extracts were reported in 30-12% of 33 allergy patients of this country [78] . In asthmatic children, the highest quartile of glucan (a component of the fungal cell wall used as a marker of fungal exposure) was associated with rising rates of emergency room visits [79] . In Cartagena, Colombia, sensitization amounts to Penicillium notatum was 28.3 % in asthmatic patients [10] . In the same study, sensitization to house dust mites ranged between 54-74 %. Massarina and Chaetosphaerella, which were among the new genera detected, recorded peak spore concentrations during the rainy season in 2015, perhaps due to the impact of rain and temperatures on reproductive development. Some authors highlight the importance of ascospore release following rainfall events [80] . The remaining spore peaks occurred during the dry season (November-April).
This study examined correlations between weather-related variables and airborne spore concentrations for 13 spore types during the period 2011-2015, and reported on the detection of hitherto-unreported fungal spores during 2015. The findings indicated a positive correlation between airborne spore levels (mainly ascospores) and both relative humidity and rainfall. The correlation was strongest for Leptosphaeria and the newly-recorded Diaporthe.
Some aeromycological studies suggested that the abundance of airborne fungal spores in agricultural and urban settings increases with higher air temperature, relative humidity or precipitation levels. Rosas et al. [81] noted that in Mexico some ascospores predominated in the atmosphere during rainy periods. In this season, rainfall accelerates the development of fruiting bodies and the release of spores. These effects have also been reported in Puerto Rico and Cuba [8, 11] . In the neotropical region of Cuba the rainfall season is also characterized by high temperatures as a consequence of increase in air humidity and water availability. In Nigeria, the highest fungal spore levels are observed during the rainy season (June-October) and at the start of the dry season (November-December). In this case, the relative humidity and temperature seem to be the most important weather conditions affecting the frequency of the spore types in the atmosphere [82] .
Temperature was positively correlated with Curvularia, Nigrospora, Cercospora, Acrodictys and Arthrinium. A number of authors described that high temperatures favors conidia liberation in the atmosphere [70] . The abovementioned airborne fungi are mainly mesophilic with optimal growth temperature levels of 20-40 °C [50] . In Western Cuba, the mean temperature is 25.5 °C; it is therefore likely that temperature exerts some influence during growth, sporulation and spore release.
The effects of weather-related factors may vary from year to year. In terms of the criteria set out by Ezike et al. [49] , further monitoring is essential in order to accurately determine the correlation between airborne concentrations of these new fungal spores and weather-related variables. Changing weather patterns influence all natural ecological systems; here, weather variables could create conditions that facilitate the detection of airborne fungi spores.
CONCLUSIONS
In the course of this study carried out in Havana, Cuba, during 2015, 14 new fungal spores were identified and quantified using a non-viable volumetric sampling method. Many of them can cause respiratory disease and/or crop damage. It is therefore essential to determine and understand their reproductive cycle. A morphological description is provided of the newly-detected genera. Analysis of the influence of major weather-related variables on airborne spore concentrations showed that relative humidity was the most significant variable. The results obtained in this study may help in the design strategies aimed at preventing allergic respiratory disease and urban crop losses.
